Introduction
The incidence of thyroid cancer in South Korea increased during the 1990s, and after the turn of the century, the incidence increased rapidly. 1) Papillary thyroid carcinoma (PTC), which is the most common type of thyroid cancer, exhibits neoplastic papillae and nuclear features. as less aggressive; it is the most common PTC subset. FVPTC exhibits the overall follicular structure and nuclear features of PTC. 3) Histological evaluation of surgically resected follicular patterned lesions can be challenging. 4, 5) The diagnosis of FVPTC is definitive if the nuclear features are characteristic, or if the growth pattern is noncircumscribed and infiltrative.
Many of these tumors, however, are circumscribed or even encapsulated. Infrequently, an encapsulated lesion with a follicular growth pattern has some, but not all, of the nuclear features diagnostic of PTC. Poor diagnostic agreement is a serious issue of diagnostic reproducibility. It has been reported that among pathologists there exists inter-observer and intra-observer variability. 6, 7) Proper diagnosis is directly linked to proper management and follow-up. Therefore, ancillary techni- agarose gel, and subjected to further gel purification.
All amplicons were pyrosequenced using a PyroMark Q24-MDx (Qiagen, CA).
Immunohistochemistry
The Using an ultraView Universal DAB Detection Kit (Ventana Medical Systems), the complex was visualized under light microscopy.
Immunohistochemical Assessment
The stained slides were independently examined by two pathologists. Immunoreactivity was considered positive when membranous CD56 expression was lost or predominantly cytoplasmic and/or membrane expression of Galectin-3 and CK19 was observed in over 10% of tumor cells ( 
TCGA Validation
As of July 2014, TCGA had acquired multigenomic analyses of 538 thyroid samples. Clinical information, mutation status, and a 20,531 gene expression dataset of normalized RNA-sequencing mRNA read counts were downloaded from TCGA. Somatic mutation calls were generated by the Broad Institute and the Baylor College of Medicine. Genome Analyzer System (Illumina Inc., San Diego, CA, USA) was used as a platform for DNA sequencing. The dataset was integrated into a 
Ancillary Tests
In ancillary tests, there was a significant difference between the three groups (p＜0.001). This significance arises from the significantly rarer BRAF V600E mutation incidence in FVPTC relative to CVPTC and TCPTC; the FVPTC IHC assay results were also sig- Table 3 ). Even when CVPTC and TCPTC were combined for a comparison to FVPTC, there was a significant difference between the groups (p＜0.001) ( Table 4) . To validate the IHC assay, genes corresponding to the IHC markers were selected from TCGA data. Next, we quantitatively compared mRNA expression levels between different histologic groups.
CVPTC and TCPTC were very similar in mRNA expression (Fig. 3) . For multivariate analyses, CVPTC and TCPTC were combined to compare with FVPTC (Fig. 4 ). There were statistically significant differences in all comparisons. In Table 5 , upregulation and downregulation of mRNA expression was exhibited relative to normal control. CD56 was downregulated in CVPTC or TCPTC, which was upregulated in FVPTC.
In all histologies, Galectin-3 mRNA expression was high, although Galectin-3 mRNA expression levels in the CVPTC and TCPTC groups were significantly upregulated relative to those of the FVPTC group. CK19
was upregulated in CVPTC and TCPTC, but in FVPTC CK19 did not differ from control. In the expression of CD31, no histology was significantly different from normal control. RPPA data also showed the consistent results.
Discussion
The present study evaluated ancillary techniques that have been utilized in diagnosing the major var- 26) in which neoplastic follicles exhibit nuclear features characteristic of PTC. This novel disease entity encountered doubts about the necessity of its existence. 4, 7, 26) In the past, some FVPTC lesions were classified as follicular adenoma or follicular thyroid carcinoma. 2) TCGA showed that FVPTC may need a pathologic reclassification. 27, 28) In TCGA analysis, CVPTC and TCPTC were BRAF-like tumors, whereas FVPTC was a RAS-like tumor. Based on the TCGA data showing that FVPTC had higher thyroid differentiation scores, Asa et al. 26) proposed that the distinction between FTC and FVPTC be considered.
Additional comparative study of FTC and FVPTC would be worthwhile. In our Gene Set Enrichment Analysis based on TCGA mRNA expression level, FVPTC features were distinct from normal control fea- The present study has assessed the diagnostic value of clinically applied ancillary PTC diagnosis techniques. Previous studies of ancillary tests were limited by small sample size, lack of reliable data, and vague histologic classification. This study overcame these limitations, and revealed evidence for applying BRAF V600E mutation analysis or IHC using TCGA. 
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